Total elbow arthroplasty can be a rewarding operation and is becoming increasingly used in the elderly fracture population. Multiple approaches are represented in the literature and deciding on the best approach is difficult. This review discusses approaches and their reported outcomes, aiming to allow surgeons to make an informed choice about which approach to use.
Introduction
Total elbow arthroplasty (TEA) can be a rewarding operation in the right cohort of patients, 1 including painful arthritis and post trauma sequalae, and is being increasingly used for the elderly acute distal humerus fracture population. 2 Multiple approaches are represented in the literature and deciding on the best approach is difficult. The triceps-on approach, where the triceps mechanism is preserved on the ulna insertion, has been gaining popularity recently. It is perceived to be more technically demanding than the triceps off approaches where the triceps mechanism is elevated off the ulna or partly cut. A good approach for TEA should allow adequate exposure to properly position the implants, have a low risk of nerve damage, achieve a good range of movement and preserve triceps function.
The aim of this review is to present the current available literature in an attempt to answer whether the triceps-on approach can best fulfil these requirements.
Materials and Methods
An electronic search of Medline using the Pubmed search engine and the EMBASE bibliographical database for papers describing approaches for TEA in English published prior to 30 September 2015.
The terms used were elbow arthroplasty, elbow replacement and approach. This gave a total of 197 papers. Thirty-one of these were published in a non-English language journal. A further 108 were not relevant, leaving 56 papers of interest. All abstracts were reviewed and relevant full articles were obtained. The references from these full articles were also reviewed for additional relevant publications.
Results
The majority of approaches to the elbow utilized a posterior midline skin incision with full thickness flaps and early identification of the ulnar nerve. Management of the ulnar nerve varies considerably. It is agreed that the nerve needs to be identified early and superficially decompressed. 3 The nerve is at risk when being handled, and whether to transponse the nerve or not appears to be down to surgeon preference.
Transposition is advocated in pre-existing nerve deficits or where the prosthesis affects the nerves usual course. 4 However, the risk of injuring the nerve's blood supply has led some authors to advocate leaving the nerve in its bed with its deep soft tissues, in an aim to reduce postoperative neuritis. 5 The trans-olecranon osteotomy is rarely used as a result of the compromise of the ulna for component insertion and fixation. 6 The approaches can be broadly categorized into triceps-on and tricepsoff. Triceps-on approaches all maintain the triceps mechanism and its insertion on the ulna. Triceps off approaches involve some or all of the triceps being taken off its ulna insertion or cutting of the triceps mechanism at some point. The triceps-off group can be subdivided into triceps turndown, triceps elevating or triceps splitting. A triceps turndown involves cutting of the triceps tendon above the ulna insertion. A triceps elevating approach elevates the triceps off the ulna subperiosteally. A triceps splitting approach divides the triceps tendon longitudinally along its length and through its insertion.
Triceps turndown approaches (Fig. 1)
The original triceps turndown was described for interposition arthroplasty in ankylosed joints. 7 The triceps aponeurosis is reflected downwards in a V-shaped tongue with the base on the olecranon. The underlying muscle is split in the midline and elevated off the humerus. Variations of the technique have been described with the underlying muscle being split, 8, 9 with an associated medial epicondyle and supinator tuberosity osteotomy 10 or with a split and turn down of the deep intramuscular aponeurosis. 11 Triceps elevating approaches ( Fig. 2) Complete reflection of the triceps from lateral to medial 12 or from medial to lateral 6 has been described. Both of these approaches require careful subperiosteal elevation of the triceps insertion from the olecranon to avoid compromise of the extensor mechanism.
Triceps splitting approach ( Fig. 3 
)
Many of the triceps splitting techniques are modifications of the midline triceps split with elevation of each half of the triceps off the posterior humerus and ulna. 13 The Shahane-Stanley posterior approach combines a split and reflection of the triceps. 5 The triceps is split, with 75% laterally and 25% medially. The medial triceps is reflected medially with dissection beneath the ulnar nerve but maintained on the olecranon. The lateral triceps is reflected sub-periostally off the olecranon with the anconeus. Repair of the triceps is through transosseous sutures through the olecranon.
The triceps split and snip is a midline triceps split with subperiosteal mobilization of the lateral triceps. The medial portion is mobilized off the posterior humerus and if required a snip of the triceps tendon is made of the medial triceps portion 1 cm to 2 cm proximal to the ulna. At closure a side to side repair, as well as an end to end repair is required. 14 The anconeus triceps lateral flap approach 15 utilizes the Kocher interval on the lateral side between the anconeus and extensor carpi ulnaris, and a plane between the lateral triceps expansion and the true tendinous part of the triceps (triceps decussation). This triangular flap is then elevated proximally off the ulna to allow exposure to the joint. The medial tendinous part of the triceps remains on the ulna with proximal elevation off the back of the humerus.
Triceps on approach (single) ( Fig. 4) The triceps on approach is also called the triceps preserving or triceps retaining approaches. All maintain the triceps and triceps insertion in continuity with the olecranon. These can be further divided into single and dual approaches.
A single medial triceps on approach involves releasing the ulnar nerve and retracting it anteriorly. The capsule and medial collateral ligament are excised along the ulna border of the humerus. Distally, the flexor carpi ulnaris is elevated off the ulna and proximally the triceps is elevated off the back of the humerus. This leaves the triceps intact and dislocation of the elbow can be achieved with pronation. 16, 17 A lateral extended Kocher approach is based on a lateral incision with elevation of the triceps off the lateral ridge and distally the plane is between the anconeus and extensor carpi ulnaris. 18 Triceps on approach (dual) ( Fig. 5 
The Alonso-Llames approach 19 was first described for supracondylar fractures in children but has subsequently been modified for total elbow arthroplasty. The triceps is elevated from each side off the intermuscular septum and posterior humerus. Distally, the approach is enlarged with two para-olecranon incisions. The ulnar nerve can be mobilized with a cuff of triceps fascia and capsule to allow closure at the end of the procedure and bring the nerve back into a stable position. 20 One modification is to maintain the anconeus on the olecranon as well, with the dissection distally between the extensor carpi ulnaris and anconeus. 21 The elbow can then be dislocated laterally and the ulna is maximally exposed for instrumentation by hyper-pronating the forearm. The lateral para-olecranon approach reflects the triceps off the posterior humerus on the medial side and splits the lateral edge of the triceps in line with the lateral edge of the ulna, so that the lateral triceps and the anconeus are elevated off laterally together. 22 Exposure Any approach for TEA should give a good exposure to the humerus and ulna to allow the optimal placement of the implants. The radial head may also require exposure if resection or replacement is going to be part of the arthroplasty and, importantly, the surgeon must be able to achieve clearance of any anterior structures that may impinge in deep flexion and cause potential loosening of the ulna component. 23 The humeral exposure obtained by a triceps splitting approach, 24 a triceps elevating approach 6 and an olecranon osteotomy 25 have been compared in cadavers 26 . This demonstrated that 35% of the articular surface could be visualized in the triceps split, 46% in the triceps elevating and 57% in the olecranon osteotomy. A similar study comparing a triceps turndown, 9 a triceps splitting approach, 24 a triceps elevating approach 6 and an olecranon osteotomy 25 allowed visualization of 75%, 35%, 37% and 51%, respectively (Table 1) . 9 A final study on this topic 27 found that, when comparing three posterior approaches, the mean percentage of articular exposure for a dual triceps on approach, 19 triceps splitting 24 and olecranon osteotomy 25 approach was 26%, 37% and 52%, respectively. There are no studies looking at the exposure of the ulna articular surface with different approaches.
The ultimate aim of TEA exposure is to allow correct implant positioning, and studies have shown that this has an impact on outcomes. Malrotation of the humeral component or mal-alignment in varus/valgus can load both unlinked and linked TEAs abnormally, [28] [29] [30] and significantly affect the muscle movement arms of the muscles across the elbow, changing the kinematics of the implant. 31 Mal-aligned components can be a predictor of loosening and the need for revision. 32 There is also some evidence that implant positioning can also affect pain, extension strength and functional outcomes. 33 No studies have compared approaches and implant alignment achieved. The triceps on approaches are perceived to make ulna component positioning more difficult and techniques to aid correct alignment have been suggested. 34 One study 16 has reported on the alignment after a triceps on approach and using specific jigs referencing the posterior humerus and ulna aspect of the ulna in 25 elbows. Although the humeral components were within 3 of the targeted alignment, the ulna components had 9.3 of pronation and 8.6 of flexion compared to the angle targeted.
Range of movement
One retrospective study 20 compares range of movement as an outcome following triceps on versus triceps-off group, which included triceps elevating, triceps splitting or triceps turndown. With a total of 82 patients, the triceps on group had a significantly better range of movement than triceps off. For rheumatoid arthritis, another study 22 showed that a triceps splitting approach has a significantly greater flexion contracture, although the flexion range remained similar, in comparison to two triceps on approaches, 19, 22 whereas the flexion range remained similar.
Triceps function
Patients who have triceps insufficiency struggle to reach over their head, lift themselves from a chair using their arms for support and push open doors because adequate extension of the elbow is dependent on the triceps. 35 The largest single centre cohort study of over 800 elbows with mixed triceps splitting and elevating approaches has reported a 2% triceps failure rate. 36 A systematic review of 47 papers assessing triceps dehiscence or clinically significant weakness showed no significant difference in incidence between triceps split, triceps elevation or triceps turndown, 4 with a reported rate of between 1.2% and 1.8%. The rate of insufficiency or failure is low, although this complication often requires complex and multiple operations with variable outcomes. 35 It often presents late and may require an augmented repair with anconeus or an achilles tendon allograft. 37 An overall triceps failure rate of 3% following TEA has been reported, with this complication reported in 47 out of 1676 elbows from 35 studies. 38 When split by approach, there was an incidence of 11% when the Table 1 . Summary of humeral articular exposure categorized by approach from three studies. 9, 26, 27 Approach Mean articular surface exposed, % (n) Triceps split 36 (20) Triceps elevating 40.6 (10)
Olecranon osteotomy 52.7 (20) Triceps turndown 75 (6) Dual triceps on 26 (10) triceps was taken off the ulna, 3% for a triceps elevating approach and 0.6% for a triceps turndown approach. The overall rate of triceps failure in our review following a triceps on approach for TEA was 0% in 532 elbows. 6, 11, 16, 17, [20] [21] [22] 39, 40 Another retrospective study of 82 patients, 20 comparing triceps on versus triceps off (which included triceps elevating, triceps splitting or triceps turndown) approaches, had no triceps ruptures in the triceps on group, but a 15% triceps rupture rate in the triceps off group.
The ultimate tensile strength of the triceps after a triceps split and snip approach or a triceps elevating approach in cadaveric specimens was 40% compared to the preserved control specimens and showed no difference between the approaches. 6, 14 A similar study 41 in cadavers between a control and either a Campbells V-Y splitting approach (triceps turndown), 7 a triceps elevating approach 6 and a triceps splitting approach 42 had an ultimate tensile strength well below 50% for all approaches compared to the preserved control group, with no significant differences between approaches. Unfortunately, no study included a triceps-on technique.
The results of a single triceps-on approach 16 using specific jigs to aid alignment have been reported in 25 elbows with no triceps insufficiency or rupture. The manual muscle testing score 43 was 5/5 in 23 elbows and 2/5 in one patient with bilateral replacements with pre-existing weakness.
In a clinical study, Morrey et al. 44 compared triceps strength following exposures with the triceps elevating 6 against a triceps splitting 45 or modified Kocher approach. Pre-to postoperative triceps strength increased by 26% in the triceps on approach, and 6% with the other surgical exposures, and this strength increase was felt to be secondary to relief of pain. It was also noted that strength was influenced by component position, with an anatomic or distally placed centre of rotation improving extensor function, but did not further subdivide this finding by approach.
For rheumatoid arthritis, a triceps splitting approach has a significantly lower extension torque and strength compared to triceps on approaches, 22 although this difference was not seen in fracture patients. Another study of semi-constrained elbow replacements compared 13 elbows performed by a triceps elevating approach with 10 performed by a tricepson approach. 40 Triceps function was graded as good in 90% of patients with a triceps-on approach, although only in 34% of those with a triceps elevating approach.
Nerve injury
The ulnar nerve is the most susceptible nerve during posterior approaches for elbow arthroplasty, and a significant ulnar nerve lesion was found in 2% to 3.2% of patients in a systematic review of almost 3000 TEAs with all types of approaches. 4 No statistically significant difference was seen when comparing nerve injury rates in series with routine ulnar nerve transposition against those that did not routinely transpose the nerve. Transient ulnar nerve symptoms of less than 6 weeks have been reported in up to 21% of patients. 46 The overall rate of ulnar nerve lesions following a triceps on approach was between 0% and 26% 11, 16, 21, 40, 47 with a mean value of 3.5% (16 out of 451 elbows).
The only study to directly compare complications between approaches 20 found that they had one palsy out of 37 cases (2.7%) in the triceps on group, and one palsy out of 46 cases (2.2%) in the triceps off group. No other comparative study discusses ulnar nerve lesions as an outcome.
Anconeus
A consideration in the variety of approaches available is the different management of anconeus. The radial nerve supplies this muscle, as well as the triceps, and a number of the approaches will divide this nerve supply. [8] [9] [10] [11] [12] [13] 19, 20 The anconeus is supplied by the continuation of the branch of the radial nerve that supplies the medial head of triceps, 48, 49 which branches off the radial nerve proper on the medial side of the posterior humerus approximately 16.8 cm above the medial epicondyle. The nerve then travels laterally, and then distally, overlying the medial head of the triceps to pierce anconeus lateral to the olecranon. However, using the nerve to the triceps medial head and anconeus as a nerve graft has been shown to have no significant impact on elbow extension strength, 49 suggesting minimal functional loss even if the anconeus is denervated. To the best of our knowledge, there are no papers that address this issue with regard to TEA.
Discussion
The major difficulty in interpreting the literature is the small numbers involved in many studies, the heterogeneity of approaches, experience of surgeons, implants, underlying pathology and quality of outcome data. Even within each subgroup of approaches, there are considerable variations that could impact on the exposure achieved, potential complications and functional outcome.
The conclusions that can be drawn from the present study are that the triceps on approaches do not allow as much exposure of the humeral articular surfaces as other approaches. Ulna exposure has not been quantified, although the positioning of the ulna implant may be inclined to be placed into flexion with a triceps on approach because the surgeon is having to work around the triceps insertion onto the olecranon. 16 The range of movement and strength achieved following a triceps on approach would appear to be better than other approaches. Furthermore, no triceps failures have been reported in triceps on approaches. Complications to the ulnar nerve appear to be similar in all approaches, although these figures should be treated with caution, given the heterogenous nature of patients, pathologies and surgeon experience presented.
In summary, the triceps on approach has significant functional advantages over other approaches but gives a reduced exposure that may alter the positioning of implants. This information should help guide surgeons make an informed decision about the approach to choose, as well as the potential limitations of each approach.
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